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Traffic is one of the major contributors to air pollution in urban
areas; the dynamic mixture of gases and particles that results
from vehicle exhaust and noncombustion emissions such as road
and tire wear is known as traffic-related air pollution (TRAP).1

The impact of TRAP exposure on human health has been the sub-
ject of epidemiological studies for two decades, but the mecha-
nisms by which TRAP-associated particulate matter (PM) alters
heart and lung function remain to be elucidated. In a recent pilot
study reported in Environmental Health Perspectives, investiga-
tors sought to address this issue using a real-world model of
TRAP exposure in rats.2

Worldwide, ambient air pollution is estimated to cause 3.8 mil-
lion premature deaths per year due to cardiovascular and respiratory
diseases.3,4 Several studies have reported an association between
acute exposure to highly concentrated PM and development of
cardiopulmonary dysfunction in humans and animals.5,6,7,8,9

Tunnel traffic has been used before to characterize single or
well-defined mixtures of TRAP pollutants as well as associated
health effects in humans and animals.5,6,7,8,10 The new study, in
contrast, examined health effects of chronic exposure to environ-
mentally relevant doses of real-world TRAP. The animals’ aver-
age exposures to fine PM roughly approximated the primary
National Ambient Air Quality Standard of 12lg=m3 per day per
year set by the U.S. Environmental Protection Agency (EPA).11

David Diaz-Sanchez, director of the Public Health and
Integrated ToxicologyDivision at the EPACenter for Public Health

and Environmental Assessment, says the inclusion of both males
and females is another unique feature of this study. “Some epidemi-
ological studies have looked at [sex-dependent differences on
TRAP exposure effects], but their results are often confounded by
lifestyle differences between men and women,” notes Diaz-
Sanchez, who was not involved in the study. “The majority of ani-
mal models and preclinical studies look at male data, so there is a
real need to try to understand the differences between male and
female responses.”

For the new study, researchers created a vivarium beside a
heavily traveled tunnel in Northern California, which allowed for
collection and delivery of TRAP into chambers housing male and
female rats. Starting at 4 weeks of age, animals were exposed
continuously to either tunnel air or filtered air. After about
14 months, the investigators performed histological and biochem-
ical assays to evaluate oxidative stress, inflammation, and fibrosis
as markers of cardiopulmonary function.

Surprisingly, although lungs exposed to TRAP showed for-
mation of black nodules, markers of pulmonary function were
not affected. In contrast, cardiac dysfunction markers were ele-
vated in hearts from both males and females exposed to TRAP.
“The most important takeaway is that we see pathologic changes
in the cardiorespiratory system after chronic exposure to levels of
TRAP that are considered safe by the EPA,” says senior author
Pamela Lein, a professor in the Department of Molecular
Biosciences at the University of California, Davis.

The confined air found in highway tunnels contains levels of TRAP comparable to daily exposures for people who commute or live near busy roads. Image:
© ddisq/Shutterstock.
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Moreover, there were strong sex differences in this response,
with female hearts showing greater effects than male hearts.
These findings are consistent with emerging epidemiologic data12

that suggest women may be more susceptible to TRAP-related
health effects and further support the relevance of this model to
the human condition, Lein says.

Even though the study presented limitations such as small
sample size and lack of direct assessment of cardiopulmonary
function, it could open the door for mechanistic studies aimed at
understanding the basis for the sex differences observed. Lein
concludes that identifying the TRAP constituent that is driving
these changes is the logical next step, as it will likely inform nec-
essary changes to air quality regulatory guidelines.

Florencia Pascual, PhD, is a Durham, NC–based freelance science writer.

References
1. Matz CJ, Egyed M, Hocking R, Seenundun S, Charman N, Edmonds N. 2019.

Human health effects of traffic-related air pollution (TRAP): a scoping review pro-
tocol. Syst Rev 8(1):223, PMID: 31464631, https://doi.org/10.1186/s13643-019-1106-5.

2. Edwards S, Zhao G, Tran J, Patten KT, Valenzuela A, Wallis C, et al. 2020.
Pathological cardiopulmonary evaluation of rats chronically exposed to traffic-
related air pollution. Environ Health Perspect 128(12):127003, PMID: 33275451,
https://doi.org/10.1289/EHP7045.

3. Lelieveld J, Pozzer A, Pöschl U, Fnais M, Haines A, Münzel T. 2020. Loss of life
expectancy from air pollution compared to other risk factors: a worldwide per-
spective. Cardiovasc Res 116(11):1910–1917, PMID: 32123898, https://doi.org/10.
1093/cvr/cvaa025.

4. Burnett R, Chen H, Szyszkowicz M, Fann N, Hubbell B, Pope CA, 3rd, et al.
2018. Global estimates of mortality associated with long-term exposure to

outdoor fine particulate matter. Proc Natl Acad Sci USA 115(38):9592–9597,
PMID: 30181279, https://doi.org/10.1073/pnas.1803222115.

5. Ding R, Jin Y, Liu X, Zhu Z, Zhang Y, Wang T, et al. 2016. H3K9 acetylation change
patterns in rats after exposure to traffic-related air pollution. Environ Toxicol
Pharmacol 42:170–175, PMID: 26855416, https://doi.org/10.1016/j.etap.2016.01.016.

6. Emmerechts J, De Vooght V, Haenen S, Loyen S, Van Kerckhoven S,
Hemmeryckx B, et al. 2012. Thrombogenic changes in young and old mice
upon subchronic exposure to air pollution in an urban roadside tunnel.
Thromb Haemost 108(4):756–768, PMID: 22872007, https://doi.org/10.1160/
TH12-03-0161.

7. Larsson BM, Sehlstedt M, Grunewald J, Sköld CM, Lundin A, Blomberg A, et al.
2007. Road tunnel air pollution induces bronchoalveolar inflammation in healthy
subjects. Eur Respir J 29(4):699–705, PMID: 17251238, https://doi.org/10.1183/
09031936.00035706.

8. Larsson BM, Grunewald J, Sköld CM, Lundin A, Sandström T, Eklund A, et al.
2010. Limited airway effects in mild asthmatics after exposure to air pollution in
a road tunnel. Respir Med 104(12):1912–1918, PMID: 20621461, https://doi.org/10.
1016/j.rmed.2010.06.014.

9. Wold LE, Ying Z, Hutchinson KR, Velten M, Gorr MW, Velten C, et al. 2012.
Cardiovascular remodeling in response to long-term exposure to fine particu-
late matter air pollution. Circ Heart Fail 5(4):452–461, PMID: 22661498,
https://doi.org/10.1161/CIRCHEARTFAILURE.112.966580.

10. Svartengren M, Strand V, Bylin G, Järup L, Pershagen G. 2000. Short-term ex-
posure to air pollution in a road tunnel enhances the asthmatic response to
allergen. Eur Respir J 15 (4):716–724, PMID: 10780764, https://doi.org/10.1034/j.
1399-3003.2000.15d15.x.

11. Environmental Protection Agency. 2012. REVISED AIR QUALITY STANDARDS
FOR PARTICLE POLLUTION AND UPDATES TO THE AIR QUALITY INDEX (AQI)
[Website]. Washington, DC, USA: Environmental Protection Agency. https://
www.epa.gov/sites/production/files/2016-04/documents/2012_aqi_factsheet.pdf
[accessed 13 Dec 2020].

12. Clougherty JE. 2010. A growing role for gender analysis in air pollution epidemi-
ology. Environ Health Perspect 118(2):167–176, PMID: 20123621, https://doi.org/
10.1289/ehp.0900994.

Environmental Health Perspectives 024001-2 129(2) February 2021

https://www.ncbi.nlm.nih.gov/pubmed/31464631
https://doi.org/10.1186/s13643-019-1106-5
https://www.ncbi.nlm.nih.gov/pubmed/33275451
https://doi.org/10.1289/EHP7045
https://www.ncbi.nlm.nih.gov/pubmed/32123898
https://doi.org/10.1093/cvr/cvaa025
https://doi.org/10.1093/cvr/cvaa025
https://www.ncbi.nlm.nih.gov/pubmed/30181279
https://doi.org/10.1073/pnas.1803222115
https://www.ncbi.nlm.nih.gov/pubmed/26855416
https://doi.org/10.1016/j.etap.2016.01.016
https://www.ncbi.nlm.nih.gov/pubmed/22872007
https://doi.org/10.1160/TH12-03-0161
https://doi.org/10.1160/TH12-03-0161
https://www.ncbi.nlm.nih.gov/pubmed/17251238
https://doi.org/10.1183/09031936.00035706
https://doi.org/10.1183/09031936.00035706
https://www.ncbi.nlm.nih.gov/pubmed/20621461
https://doi.org/10.1016/j.rmed.2010.06.014
https://doi.org/10.1016/j.rmed.2010.06.014
https://www.ncbi.nlm.nih.gov/pubmed/22661498
https://doi.org/10.1161/CIRCHEARTFAILURE.112.966580
https://www.ncbi.nlm.nih.gov/pubmed/10780764
https://doi.org/10.1034/j.1399-3003.2000.15d15.x
https://doi.org/10.1034/j.1399-3003.2000.15d15.x
https://www.epa.gov/sites/production/files/2016-04/documents/2012_aqi_factsheet.pdf
https://www.epa.gov/sites/production/files/2016-04/documents/2012_aqi_factsheet.pdf
https://www.ncbi.nlm.nih.gov/pubmed/20123621
https://doi.org/10.1289/ehp.0900994
https://doi.org/10.1289/ehp.0900994

	Potential Mechanisms behind Air Pollution Toxicity: Findings from Real-World Chronic Exposures
	References


